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orsgaer NCDOT Pavement Marking Asset )\
Management Program Goals “

Increase safety

e Maximize vaue
for money



oreeser NCDOT Pavement Marking Asset }\
Management Program Goals '

 Develop astatewide user friendly, “living”
database

* Provide guidance to designers, engineers, and
others engaged in the selection of pavement
marking materials

o Selection of pavement marking materials based
upon demonstrated product durability, retained
retroreflectivity and cost



NCDOT Guidelinesfor Use of
T Pavement Markings
(Draft last updated 7-16-01)

Pur pose:

To improvevisbility during night and wet night conditions and possibly
reduce night and wet night “run off the road” accidents.

Pavement M arking Placement Guidelines

» Long life pavement marking (epoxy,thermoplastic and polyurea) on the Nationa
Highway System

» Epoxy markings may be used on asphalt pavement west of and including I-77

* Thermoplastic markings on asphalt pavement

» Waterborne paint markings on all non-NHS roadways with ADT less than 5000
ADT

Consideration may be given to:
» Large gradation glass beads

e Snow plow rates
 Lifecyclecost




NC DOT Guidelinesfor Use of
OEEGa™ Pavement M arkings
(Draft last updated 7-16-01)

L ong life pavement marking (epoxy, thermoplastic and
polyurea) on the National Highway System (NHS)

e 5Year DataCollection: 11 of 14 Divisions
e Tota NHSI|ane miles: estimated 15,000
e Tota line miles under evaluation: 2160.9

Epoxy markings may be used on asphalt west of
and including I-77

* No retroreflectivity data was collected as no projects on the
National Highway System were identified.



CiISION

VT Long Life Pavement Marking

L ong life pavement marking (epoxy, thermoplastic
and polyurea) on the National Highway System (NHS)

Long Life Pavement Markings by Surface Type
for All Regions Under Evaluation

Surface Material Bead Line Miles
Asphalt
Thermo Standard 1068.5
Thermo Large 236.1
Hot Spray Thermo (40 mil) Standard 310.2
Polyurea Highly Reflective Elements 45.0
Sum 1659.8
Concrete
Epoxy Standard 249.9
Epoxy Large 220.0
Polyurea Highly Reflective Elements 31.2
Sum 501.1

Total Line Miles 2160.9




CiISION

OEESE™  Thermoplastic Pavement Markings on
Asphalt Pavement

White & Ydlow Thermoplastic in All Regions

* NC Standard Spec Bead 1068.5 line miles
e Large Bead 236.1 line miles
Sample: White Skip Thermoplasticwith  Sample: White Skip Thermoplastic with
NC Standard Spec Bead (148.4 line miles) Large Bead (32.1 line miles)
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O™ Waterborne Paint Markings on
Asphalt Pavement

White & Yelow Paint in All Regions
* NC Standard Spec Bead 75.1 line miles

Sample: White Edge Paint on
Asphalt (50.1 line miles)

300

271

250

N
w
a

= 208
O
Average# | E 200 T
>
of Snow S
Plows. 4 | § %0 -
|2
g 100 -
Q
[0
50 -
0

Avg. Avg. Avg.
Initial R, 6 Month R, 1Year R,



NC DOT “Data Driven” Guidelinesfor
OFEGaT" Use of Pavement Markings
(Possible Additions)

Establish Pavement Marking Performance Guidelines
« Initia retroreflectivity levels

e Six month retroreflectivity levels

« Lifecyclecost/Brightness Benefit Factor (BBF) chart

Establish Pavement Marking Construction Guidelines
e Lifecyclecost

« Brightness Benefit Factor (BBF) chart

e Asset management

Establish Pavement M arking Restriping/M aintenance Guidelines
e End of useful life

» Brightness Benefit Factor (BBF) chart

e Asset management




N Retroreflectivity Performance Levels

VT e for White Pavement Markings
(Possible Additions)

NC Standard Spec Bead Initial R, level (375 mcd) Large Bead Initial R, level (450 mcd)
NC Standard Spec Bead Six Month R, level (325 med)  Large Bead Six Month R, level (390 mcd)

Sample: White Edge Thermoplastic with Sample: White Edge Thermoplastic with
NC Standard Spec Bead L arge Bead
(332.1 line miles) (114.0 line miles)
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g 425 g 425 444-\
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Avg. Avg. Avg. Avg.
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N Retroreflectivity Performance Levels

VT4 for Yellow Pavement Markings
(Possible Additions)

NC Standard Spec Bead Initial R, level (250 mcd) Large Bead Initial R, level (300 mcd)
NC Standard Spec Bead Six Month R, level (200 mcd)  Large Bead Six Month R, level (240 mcd)

Sample: Yellow Edge Thermoplastic with  Sample: Yellow Edge Thermoplastic with

NC Standard Spec Bead | ar ge Bead
(232.2 line miles) (32.6 line miles)
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[Rscision Life Cycle Cost
7Tk (Possible Additions)

o Variety of waysto conduct alife cycle cost analysis

« NC DOT will establish retroreflectivity level asthe end of a
pavement markings useful life.

« NC DOT will have to determine how to weigh intangible costs
Involved in installing pavement markingsi.e:

 Frequency of striping, cost of contract administration
 Traffic obstruction, decreased capacity
* Work zone safety, etc.

e One possible methodology to be considered is the establishment of a
“Brightness Benefit Factor” (BBF)
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OEEsS™T  Brightness Benefit Factor (BBF)
o (Possible Additions)

» Brightness benefit factor represents the combined effects of a material’s
retroreflectivity, durability, and installed cost.

* Brightness benefit factor formula: BBF = (R, T)/$

» R,= Average useful retroreflectivity over the anticipated service
life of the project.

* T.=Servicelife
« $=Theaverageinstalled cost per unit length (foot).

* R, isdetermined from most current project experience and is calcul ated
by taking yearly retroreflectivity readings on roadways representative of
the ADT classification in which the BBF is listed.

e Biastoward products with high initial retroreflectivity. NC DOT needs
to decide whether to establish maximum useful initial retroreflectivity.

 Intangible cost has not been taken into consideration in this example.
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N T e

A pRECISION Brightness Benefit Factor (BBF)
(Possible Additions)
BBF = (R, T)/$
Sample BBF calculation:

ADT =>25,000 « 513mcd Instalation
Cost per foot = $ 0.55 e 352mcd Atendof 18 year
Useful life for white 150 med e 243mcd At end of 2 year
e 168 mcd At endof 39year
e 116 mcd At end of 4" year

Sum R = (513+352)/2 + (352+243)/2 + (243+168)/2 + (168+116)/2 = 1078 mcd

R average = 1078/4 = 269 mcd

R,, the average useful retroreflectivity, is the amount by which the average
retroreflectivity exceeds 150 med for white

R, =269-150 = 119 mcd
T,=4years
$=%$0.55

BBF = (R,T)/$ = (119)(4)/(0.55) = 865
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Qe Brightness Benefit Factor (BBF)
e (Possible Additions)

Average Retroreflectivity for 5 Yearsfor BBF Calculation

\\\\\\\\\\\\

Cost/ ADT 1 2 3 4 5

Incipient
Foot Materials Surface Bead Range Line % Drop Initial Year Year Year Year Year Failure

0.55 Thermo & Asphalt Large >25,000 WS @ 31% 513 | 352 243 168 116 - 150

8 B &
§ 8 5 A%

« Assumption percentage drop same every year.

e Assume no morethan 5 years.
15



cision Brightness Benefit Factor (BBF)
e (Possible Additions)

F Calculation for 5 Years
BBF = (R, T)/$

Ve s s im o e tom o er s over || Ime
s

mcd-years
ADT Initial/| 1 Year/ |2 Year/|3 Year/ 4 Year/ Incipient Cost/ | perdollar-
Material Surface Bead Range Line |1Year 2Year 3Year 4Year 5Year R Average R, | Failure @ Foot foot(BBF)

Cost/
Mile

Thermo | Asphalt | Large >25,000 WS @ 433 298 206 142 1078 269 119 150 $0.55 865

Thermo | Asphalt Siandard| 525000 | WE | 378 | 308 | 289 | 272 | 26 | 142 | 290 140 | 150 s 032 2192  $1690 5
VE | 189 | 155 | 127 | 104 574 | 143 3 100 s 032| 542 siee0 4
Thermo | Asphall Lage | <0000 | WE | 31 | 247 | 173 70 | a7 | 107 10 s 020 1103 sissi| 3
Thermo | Asphall Lage | <0000 | YC | 202 | 245 | 206 | 173 | 145 1oe0 | 212 | 112 10 s 032 1750 sieso|
Thermo | Asphall | Large | 1000025000 YC | 254 | 206 | 167 | 135 | 110 | 870 | 174 7 100 S 032] 115  §1690] 5
Thermo | Asphall Lage | 1000025000 WE | 409 | 318 | 248 | 193 | 181 1317 263 | 113 10 s 020 1e85  sissi| s
Thermo | Asphall Lage | >25000 | WE 440 | 336 | 265 | 184 | a7 | 1311 214 124 10 s 053 1172 w708 5
VE 33 | 242 | a7 | 129 | 95 | 975 | 195 % 100 S 053 89 2798 5
Thermo | Asphalt | Lage | 525000 | Ws | 433 | 298 | 206 | 142 1078 | 269 119 150 S 055| 865 s2904 &
Poburea | Asphall | 3 | 1000025000 WE | 833 | S50 | 374 | 261 | lea | 2184 | 437 | 287 150 s 085 1685 sidss| 5
s s | 706 | 65 | 452 | a6l | 2063 | 59, a3 150 s 085 2603 sadss| 5
ve | are | ais | 208 | 137 | o1 1225 245 | 15 100 s 085|853 sidss 5
YE | 901 | 802 | 713 | 63 | 565 | 3615 723 | 623 100 s 085 365 ssdme 5
Paint | Asphalt Sandard <0000 | WE 221 21 | %1 7 150 s 008 1 sz 1
ve 1909 109 199 % 100 s 008| 123  saz2 | 1
Paint | Concrete| Sandard 1000025000 WE | 172 | 2 10 s 008 269 1
ws 186 | 139 325 | 163 f) 10 s 008 a3 2
VE 204 | 180 | 158 | 139 | 12 | 803 | 161 o1 100 s 008 3788 s

« Assumption percentage drop same every year.
e Assume no morethan 5 years.

$2,904
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~ PRECISION Average Brightness Benefit Factor for
V' —Tike White Pavement Markingswith ADT>25,000
(Possible Additions)

White Edge/Asphalt White Skip/Asphalt
Material Surface Bead BBF Material Surface Bead BBF
Thermo Asphalt |Standard 1532 Thermo Asphalt |Large 865
Thermo Asphalt |Large 1172 Thermo Asphalt |Standard XXX
Hot Spray Thermo [Asphalt |Standard XXX Hot Spray Thermo [Asphalt |Standard XXX
White Edge/Concrete White Skip/Concrete
Material Surface Bead BBF Material Surface Bead BBF
Epoxy Concrete [Large 673 Epoxy Concrete [Large 427
Paint Concrete [Standard 256 Epoxy Concrete [Standard 387

XXX: Precision Scan will have information after June 2003 measurements are taken.
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Y cision

L.C.

(Possible Additions)

Restriping/M aintenance Guidelines

Base restriping/maintenance on data driven decisions

Sample: White Edge Thermoplastic with
NC Standard Spec Bead and L arge Bead on Asphalt
with ADT >25,000

cd)

Retroreflectivity (m

500
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350 -

300
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200
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100
50

—e&— NC Standard Spec Bead

—&— Large Bead

T‘
“JIJI

BBF Chart (ADT >25,000)

White Edge/Asphalt

\ 381
‘\

Material Surface Bead BBF
Thermo Asphalt |Standard 1532
Thermo Asphalt |Large 1172
Hot Spray Thermo |Asphalt |Standard XXX

220

167

127

Initial

1st Year 2nd Year 3rd Year 4th Year 5th Year

» Assumption percentage drop same every year.

Assume end of useful lifeis 150 mcd
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g CiISION

Ve There's Still Work to Be Done...

Central Office

Establisn database
Establish performance guidelines

Establish placement/construction/restriping guidelines based on life cycle
cost/Brightness Benefit Factor (BBF)

Annual review of guidelines

Divisions

Inspection: Retroreflectivity collection and reporting
» Get what you pay for
e Maintain database

Contractor: Monitoring (Incentives)

Construction/Restriping/Material Selection: Brightness Benefit Factor
(BBF)

19



A~ CiISION

e User Friendly Database

Sample: General Contractor Performance

Report to Print Print Preview

T All Contractors Print

* Select Single Contractor Close

To print the directory page for only one
Contractor. select the Contractor name
from the list below

Confractor =
Eoggs Faving. Inc.

Clark Pavernent Marking. Inc.
Denville Line Painting, Inc.
Highway Walets, Inc.
Ledbetters Paverment Marking
Olgesky Construction, Inc.
Peek Pavernent Marking, Inc.

20



CiISION

N T e

User Friendly Database Reports

Sample: Contractor /Material Performance

Contractor Report by Individnal Contractor
dve af dvg af dvg of
Initipl RI. 6 Month RL I*¥ear RL  Avg Cost
Contractor Line  Surface Maierial Seads Readings  Readings Readings Per Fooi
Clark Pavement Marking, Inc.
White Edge
Asphalt Hot Spray Thermo  Standard G' 246 317 5079
Asphalt  Thermo standard 408 268 424 5033
Whita Sikip
Asphalt  Hot Spray Thermo  Standard o 260 558 B0 73
Asphalt  Thermo Standard 234 287 402 BO.47
Tellow Edge
Asphalt  Hot Spray Thermo  Standard 0 a2 227 5070
Asphalt  Thermo Standard 305 263 3712 $0.33
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s CiISION

S User Friendly Database

Sample: Contractor/Material Performance at Division L evel

Report to Print

Print Preview

“ Al Division

Print

'

Select Single Division

Close

To print the directory paqge for only one Division.
select the Division # from the list below

Division

00 = 0N M e L PO =

22



CiISION

VT User Friendly Database Reports

Sample: Report Selection by Division

Contractor Sumnanary Report by Division
Mote: Measurements wene NOT taker if there is a zero (#) in the RE Average column.
Avg af Ave af Ave af
FritinfI R, 6 Month RE I Year RL Ave Cost
Cantrocior Line Surface Adaterial Beads Readings  Readings Reodings Fer Foai
Division:
Clark Pavenent Marking, Inc.
Hihite Bdge
Asphalt Thermo Standard d27 D5 f40 F0.28
Hihite Skip
Asphalt Thermno Standard S5 F 360 2330 F0.26
Yellow Edge
Asphalt Thermo Standard 229 pENE 297 F0.28
Foadmark Corporation
Hihite Bdge
Asphalt Faint Standard 271 235 208 F0.08
Cancrete Faint Standard 204 72 729 F0.05
Hihite Skip
Concrete Faint Standard 200 159 745 Foas
Fellow Center
Asphalt Faint Standard {70 ire {90 F0.08
Pellow Edge
Concrete Faint Standard 795 T73 T77 Fo05 23




O

User Friendly Database

Sample: Report Selection

Division _f_lf}’pe of I.ine_!_[fulur | Swmface :Materiall Iaterial T;r_p_e_! ADT | Beads I ['.untractur_! Cost I

Record: H! 4 ” 1 b !H i}*i of 220

T Division 1 T Division 5 ~ Division 9 T Division 13
T Division 2 T Division 6 © Division 10 T it
 Division 3 & Division7 = © Division 11
© Division 4 © Division 8 © Division 12

Division Type of Line Color Surface Material haterial Type ADT Beads Contractor
7 White Skip White Aszphalt Therma 120,000 Standard Clark Pavernent Marking, Inc.
7 Yellow Edge f ellowe Azphalt Thermo 20,000 Standard Clark Pavement Marking, Inc.
7 White Edge White Asphalt Thermao 120,000 | Standard Clark Pavernent Marking, Inc.
7 White Skip White Asphalt Thermo 20,000 Standard Clark Pavement Marking, Inc.
7 Yellow Edge Y ellow Asphalt Therma 120,000 Standard Clark Pavernent Marking, Inc.
7 White Edge White Concrete Faint 20,000 Standard Foadmark Corpaoration
7 White Skip White Concrete Paint 120,000 | Standard Roadmark Corporation
7 White Skip White Concrete Paint 20,000 Standard Roadmark Corporation
7 Yellow Edge Y ell o Concrete Paint 120,000 Standard Roadmark Corporation
7. YWhite Ednge YW'hite Concrete Faint 20,000 Standard Foadmark Corporation

L
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g CiISION

{— Cost of Asset M anagement

Installed Material Weighted Avg. Cost/ft.: White

Edge
e Polyurea (Highly Reflective Elements):  $0.85
« Epoxy (Large Bead): $0.44
» Epoxy (NC Std Spec Bead): $0.40
e Thermo (Large Bead): $0.33
e Thermo (NC Std Spec Bead): $0.35
e Hot Spray Thermo (NC Std Spec Bead):  $0.19
e Paint (NC Std Spec Bead): $0.08

e Asset management cost /ft.. $0.007

White

Skip
$0.85
$0.55
$0.42
$0.43
$0.39
$0.19
$0.08

Yellow Yelow

Center

Edge

$0.85
N/A
N/A
$0.32
$0.31
N/A

$0.08

$0.85
$0.44
$0.40
$0.39
$0.32
$0.19
$0.08
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T, Data Collection Questions

Currently Precision Scan collectsretror eflectivity data on
2160.9 line milesover 5 yearson the National Highway System

A. Should it be expanded to collect more specific product data (epoxy on asphalt with

NC standard specification beads and/or large beads, thermoplastic ribbon and extruded,
other types of roadways (non-NHS), etc.)

B. Should paint be measured on the non-NHS with ADT <5000 to eval uate restriping
policies

C. Should “wet” measurements be taken for product eval uations

D. Should initial and 6 month performance and compliance data collection be
combined with the current data collection, i.e, a percentage of pavement markings

selected at random to be measured by mobile retroreflectivity in addition to handheld
measurements

E. Should initial and six month mobile retroreflectivity measurements be taken for the

divisions on non-NHS roadways -



T Data Analysis and Decisions

Develop material selection methodology (life cycle cost/BBF):

 Decidekey “selection” factors, i.e., product durability, retained
retroreflectivity, cost, intangible cost factors, etc.

o Defineend of “useful life’ retroreflectivity

 Definewhat factors are part of cogt, i.e., removal, grinding, €etc.

 Define ADT selection categories

 Deveop plan to maintain system with annual data collection and
analysis

* Decide whether wet pavement markings should be introduced

« If wet measurements are taken, need to define “ acceptabl e’
retroreflectivity levels (initial and maintained)

27



g CiISION

s Database Usage

 Decideon flexible, user friendly format
* Define who has access to what
« Database maintenance plan

* |Integration of datainto NCDQOT official
guidelines

28



ason  NCDOT Pavement Marking Asset
The
M anagement Program Results

Increase safety

« Maximize vaue
for money



aprecson - NCDOT Pavement Marking Asset
Management Program Contacts

N T e

NCDOT:

Precision Scan:

Meredith McDiarmid
Chris Howard
(919) 250-4159

L aura Jensen
Jamie Manning
(336) 475-7550

30



